Abstract-This paper explored changes in the business efficiency of Rural Credit Cooperatives (RCCs)in eleven regions of Hebei province since the rural finance reform beginning in 2003. We measured the business efficiency by using DEA-BCC Model and Malmquist index. On the whole DEA efficiency showed improvement while each region's RCCs DEA efficiency existing obvious differences over the 2004~2015 period. Malmquist analysis showed financial service technique innovation became the major cause of DEA efficiency enhancement since year 2010. Tobit regression showed that internal factors like credit scale, risks controlling and financial innovation, which reflect scale efficiency and pure technical efficiency, and environmental variables like per capita disposable income and agricultural GDP proportion, had significant effects on DEA efficiency. This paper is the first to make comparative study on the business efficiency of RCCs in eleven regions of Hebei province.
, which is divided into three cases. First, the traditional DEA and super-efficiency model are used to analyze the comprehensive efficiency of financial institutions and decompose into technical efficiency and scale efficiency (ZHENG Guiting and QI Shutian, 2006 [2] ; ZHAO Xiang, 2010 [3] ; LI Mingdi, 2015 [4] ). The second is the combination of DEA and Malmquist model evaluating the business efficiency from the static and dynamic point of view. (XU Zhong, 2006 [5] )Thirdly, combining DEA with Tobit model. Tobit regression analysis was carried out to analyze the influencing factors of DEA. Most literatures suggested that the overall efficiency of Rural Credit Cooperatives (RCCs)is improved after the reform however is still ineffective. The main reason is the low efficiency of pure technology (LAN Hong, 2014 [6] ; WANG Xiaoning, 2016 [7] , WU Shaoxin, 2009 [8] ).
When the DEA method is used to measure the efficiency of the banks, the biggest problem is that there are big differences in the choice of the efficiency indexes, which leads to the unreliability and instability in result to some extent. This is the problem that needs to be overcome in this research. The choice of the indexes must be based on an objective understanding of the positioning and role of RCCs. In addition, the early literatures were limited to the number of samples, the empirical analysis results were not stable, particularly could not effectively analyze the changes in efficiency. This paper is based on the financial data of 11 cities' RCCs from 2005 to 2014 and so the observation period is much longer, the sample size is relatively large, and the regression analysis results will be more accurate. This is the two advances of this paper.
II. INDEX SELECTION AND DATA SOURCES

A. Index selection
In recent years, the DEA method has become one of the mainstream ways to study the operational efficiency of financial institutions. The traditional DEA model includes the CCR and BBC models, where the CCR model is the first basic model and is based on constant returns to scale. The BBC extends the condition to variable returns to scale. The economies of scale of the banking industry are obvious. So BBC model is used to analyze.
Combining the available data and existing literature, the indicators we selected included four input indicators and two output indicators and one non-expected output indicator.
Input indicators include: (1) Net fixed assets, which is the basis for the provision of services and continuing operations. (2) Labor cost, which refers to the wages and benefits of labor and training costs, reflects the RCCs of human capital investment. (3) Operating expenses (except staff expenses), a measure of the material capital investment of the RCCs in carrying out their business activities.(4) Overall deposits, which reflects the market share of RCCs, is the main source of loans and investment.
Output indicators include: (1) Net interest income, which is the main source of income of RCCs to measure the traditional deposit and loan business operations. (2) Noninterest income, reflecting the RCCs intermediary business, emerging business and other innovative business situations.
Unexpected output indicators: risk is an unavoidable problem for financial institutions. The current rate of nonperforming assets of RCCs is too high. If the quality of loans is neglected, it will virtually expand its actual efficiency. In order to solve this problem, this paper regards nonperforming loan rate as an unexpected output indicator. It is noted that negative output should be avoided in the operation of DEAP2.1, for different from interest income and non-interest income, non-performing loan rate is a negative output. Risk output of agricultural credit cooperatives is measured by nonperforming loans with its reciprocal, as an indicator of non-expected output.
B. Data Sources
The data of As can be seen from TABLE I, since 2005 the reform of RCCs, the average comprehensive efficiency of RCCs is on the rise. Among them, 2007 -2009 during a certain decline, the reason why the operating efficiency of a certain decline during 2007 to 2009 is US financial crisis in 2008, the economic growth trend slowed down, many small and medium enterprises operating difficulties, the financial industry has been a strong impact. After the financial crisis, the overall efficiency has been restored and improved, fluctuating at 0.95.
It is worth noting that efficiency is still lagging behind in terms of efficiency. For example, the overall efficiency in 2014 is 0.944, indicating that 94.4% of existing resources are available to achieve the current level of output, while the remaining 5.6% of the inputs are wasted.
It is noteworthy that the average comprehensive efficiency of RCCs is 0.868, the average pure technical efficiency and scale efficiency are 0.913 and 0.943 respectively, which means that 60.4% of efficiency loss is due to ineffective pure technology, 39.6% is due to scale efficiency loss, Low technical efficiency is an important reason for the low efficiency of RCCs. The improvement of pure technical efficiency after 2010 is the main reason for the improvement of operating efficiency in this period. The improvement of pure technical efficiency reflects the continuous strengthening of technological innovation and investment in information system since 2010, which has enabled the improvement of pure technical efficiency.
By calculating the standard deviation of pure technical efficiency from 2005 to 2014, it can reflect the gap between the operation of RCCs. Prior to 2010 (except 2006), the standard deviation of pure technical efficiency fluctuated at 0.2 level. From 2010 to 2014, the standard deviation of local cities fell to 0.04, which indicated that the gap between the technical efficiency of RCCs was stable. During this period, the management technology of each RCCs develops more comprehensive and regional differences became narrow.
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B. Malmquist Dynamic Efficiency Analysis
It is not enough only to study the efficiency of RCCs from static point. We also need to analyze the reasons of efficiency change. The Malmquist index method can be used not only to specify the efficiency dynamic change but also to analyze the inefficiency causes through the technical efficiency index and the technology progress index. It can be seen from TABLE Ⅱ that the total factor productivity (TFP) of the RCCs remained stable in the period from 2005 to 2014. The Malmquist index was 0.951, according to the Malmquist productivity index indicating that throughout the whole observation period, the average efficiency is reduced by 4.9%. Indicators were significantly reduced due to the financial crisis in 2008.Nevertheless, from the annual average, total factor labor productivity maintains at a very good level. Further, TFP is decomposed, from the perspective of efficiency growth structure, technical progress index (TC) value is less than 1, an average decline of 9.2%, but the technical efficiency change index (EFFC) is greater than 1, the average growth rate of 4.8%. The two together determine the Malmquist productivity index. The scale efficiency change index (SEC) was significantly increased by In terms of sub-city, the TFP of Langfang is the best, with an average increase of 5.3%. The efficiency of other RCCs has decreased during the observation period. The largest decrease in Chengde City is 22.6% .Technical progress is relatively slow tired. It shows that the development speed of science and technology innovation in Chengde City is relatively lagging behind its ability to operate and service, and the production boundary moves to the origin. And Zhangjiakou City is the only provinces of the index are less than 1 of the city. Zhangjiakou RCCs technical efficiency is low, returns to scale were declining. Malmquist dynamic efficiency analysis results well explain the reasons for the change in the efficiency of RCCs in Zhangcheng region.
IV. INFLUENCING FACTORS OF EFFICIENCY OF RCCS
A. Index selection
According to the analysis of the factors affecting the efficiency of RCCs, we establish the Tobit regression model with the deposit and loan ratio, non-interest income, liquidity ratio, provision coverage rate / non-performing loan ratio,
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proportion of agriculture-related loans, per capita disposable income, and Total agricultural output ratio as the independent variable and the DEA efficiency as the dependent variable. , 1,2...
(1) 1 7 x x are the variables of the influencing factors both inside and outside, 0 β is the constant term, 1 7 β β is the regression coefficient of each independent variable, and i ε is random error. Among the factors that affect the efficiency of the operation, the impact of deposit and loan ratio that measure the relative size and liquidity of credit assets of RCCs and provision coverage on the efficiency of RCCs is consistent, which means that strengthening the scale of assets and risk management and reducing the non-performing rate is an important means of improving the efficiency of each RCCs. In contrast, the expansion of asset size has the greatest impact on Xingtai RCCs, followed by Hengshui, Baoding, Chengde RCCs; Provision coverage rate / non-performing loan ratio of RCCs in Shijiazhuang and Cangzhou is larger than other cities, Which shows that the risk management ability of Shijiazhuang and Cangzhou RCCs is better, and the ability of risk compensation has a great impact on the improvement of operating efficiency. The liquidity management ability of Qinhuangdao and Hengshui RCCs has a great influence on the efficiency improvement.
B. Regression results and analysis
The impact of financial innovation on the efficiency of RCCs is not consistent with the non-interest income ratio. Baoding, Cangzhou, Handan and other seven cities of the RCCs financial innovation level has a positive impact on the efficiency of the promotion. The financial innovation of Baoding RCCs has the greatest impact on efficiency promotion. The non-interest income ratio of Hengshui, Langfang, Tangshan, Zhangjiakou and other four RCCs has a negative impact on operating efficiency, but the statistics are not significant. It indicates that the RCCs' financial innovation level is not high; its impact on efficiency is not obvious. So these RCCs should enhance the level of financial innovation in the future.
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For most RCCs, the proportion of agriculture-related loans has a positive effect on the efficiency, but it is not statistically significant. Only the coefficients of the proportion of agriculture-related loans in Tangshan, Xingtai and Hengshui are statistically significant .It indicates that increasing scale of agriculture-related loans can improve performance. This shows that the scale of loan growth affect the efficiency of RCCs, and it has little to do with the nature of loans. In fact, most of the loans of RCCs are agriculture-related loans. In 2014, for example, agriculture-related loans of 11 RCCs are more than 70%, of which Chengde, Hengshui agriculturerelated loans as high as 99.41% and 96.08%.
From the external environment, the local industrial structure and the degree of economic development have a significant impact on the performance of RCCs. Reducing the proportion of agricultural output in GDP is conducive to improving RCCs' operational efficiency. But there are exceptions. The coefficient of agricultural production value in Cangzhou, Hengshui and Zhangjiakou is positive respectively, indicating the three regions' RCCs' business efficiency heavily rely on the degree of local agricultural development. The coefficient of per capita GDP is positive and is statistically significant, which means more developed economy make the higher efficiency of RCCs.
V. CONCLUSION
Although efficiency loss still exists in RCCs on the whole since the reform of RCCs in 2005, which is not a fullyefficient state, RCCs' business efficiency is in the continuous improvement. From the city point, operating efficiency of RCCs of most cities has a certain degree of rise, and has reached the DEA-effective state. However some cities' RCCs operating efficiency has declined since 2013. The efficiency loss is mainly due to the lower efficiency of pure technology, indicating that the management level is not high, lower scale efficiency is another important reason. Malmquist dynamic analysis shows that the efficiency improvement of RCCs since 2010 is mainly due to technological progress and technological innovation. Tobit model analysis shows that the relative size of credit assets, risk control ability and financial innovation level have a significant effect on the comprehensive efficiency of RCCs. External economic environment also influences the efficiency of RCCs. Higher efficiency of RCCs also results from developed economy and the lower proportion of agricultural output.
According to the conclusions, we get the following suggestions: first, RCCs should make the rational choice of scale based on their own economic development needs. To increase assets in the stage of increasing returns to scale is rational. For the excessive pursuit of scale expansion mode, the regulatory authorities should supervise and guide, so that the RCCs to achieve healthy development. Second, from the point of view of pure technical efficiency, it is necessary to strengthen internal management, enhance the ability to control risk, reduce business costs, and improve the quality of loans. Third, the empirical analysis shows that one of the important factors that restrict the efficiency of the RCCs is the backward technology innovation. Therefore, RCCs should strengthen financial innovation to improve the financial service ability for the rural regions. The banking cards business, internet banking services should be as a breakthrough to increase the proportion of non-interest income and optimize income structure. Fourth, because the external environment, which cannot be controlled by these managers, has obvious influence on the operating efficiency of RCCs, the regulatory authorities should consider the influence of external environment on the efficiency of the difference during evaluating these manager's performance, which is conducive to mobilize the enthusiasm of managers to strengthen internal management.
